We rely on plants as our main dietary source for the essential micronutrient iron. The Earth's crust is itself very rich in iron (fourth most common element by weight), but much of this iron is not readily bio-available, and can severely limit plant growth and crops yield. Our knowledge of the mechanism employed by plants to extract iron from the soil took a leap forward with the demonstration that the Iron-Regulated Transporter IRT1 was the main route for iron in the root .
Work from the Guerinot laboratory showed in the 1990s that iron assimilation in yeast and the model plant Arabidopsis thaliana were probably similar enough to follow a comparative biology approach. Indeed, a root ferric chelate reductase activity, responsible for the reduction of ferric iron (Fe 3+ ) to ferrous iron (Fe 2+ ), was induced under iron deficiency conditions, just as in yeast (Yi and Guerinot, 1996) . The identity of the ferric reductase was later established by two complementary approaches: the cloning of the Arabidopsis FRO2 (Ferric Reduction Oxidase 2) gene with similarity to the yeast ferric reductase, and the map-based cloning of the frd1 mutant, defective in low iron-inducible ferric reductase activity (Robinson et al., 1999) .
The identification of FRO2/FRD1 offered the hope that dedicated iron transporters might be discovered in a similar fashion. Classical genetics had failed to reveal an obvious transporter. However, the suspected parallels between yeast and Arabidopsis provided another route: complementation of a yeast strain lacking iron transport with Arabidopsis genes. A single putative transporter was thus cloned that exhibited clear selectivity for Fe 2+ , and was designated IRT1 (for Iron-Regulated Transporter, Eide et al., 1996) . Expression of IRT1 was restricted to roots of iron-deficient plants, as expected for an iron transporter. The transporter also exhibited the capacity to take up heavy metals like cobalt and cadmium.
The ambition of using Arabidopsis IRT1 to create smarter crops for human nutrition depended on one crucial assumption: that IRT1 could, in fact, function as a Fe 2+ transporter in planta. The mutant screen that yielded frd1 did not uncover an irt1 mutant. At the time, collections of insertional mutants were being generated, and DNA pools needed to be screened by PCR to discover if your favorite gene had been tagged. One collection from the University of Madison, Wisconsin, did not hold an insertion near IRT1. This is where the story takes an interesting and inspiring turn: the team of Briat and Curie in Montpellier, France, identified an insertion in IRT1 in the French T-DNA collection generated in Versailles. Rather than competing with Guerinot, who had admittedly claimed "dibs!" on IRT1 when her laboratory cloned the gene, Briat and Curie got in touch with her to combine resources: they had a mutant, she had a good peptide antibody against IRT1. The article itself is a text-book example on how to harness the power of reverse-genetics to determine the role of a gene. The irt1 allele is chlorotic and grows poorly, and eventually dies before it can set seeds, unless watered with excess iron. The iron content of irt1 leaves is about one third of wild-type, and is the consequence of impaired iron uptake by irt1 roots. First-author Grégory Vert, then a graduate student with Briat in Montpellier, and now a group leader in Toulouse, France, remembers this experiment very well. After a long day spent in the radiation room collecting leaves from plants that had been fed radiolabeled 55 Fe, he recalls finding his advisor waiting for him at the scintillation counter, and fighting with him over the counter's printout to see the results: radioactivity was high in iron-deficient wild-type leaves, but low in the irt1 mutant, demonstrating that "irt1-1 lost the capacity to accumulate iron under iron-deficient conditions, which strongly supports the idea that IRT1 is the main iron transporter operating in roots of ironstarved plants".
Two other groups published their own phenotypic characterization of irt1 mutants that same year; one screened a transposon insertion collection by PCR (Henriques et al., 2002) , while the other evaluated a T-DNA insertion collection for altered chlorophyll fluorescence parameters (Varotto et al., 2002) . A photosynthesis phenotype in irt1 makes intuitive sense, as the chloroplast is the main iron sink in leaves. This observation also stresses the importance of proper plant (micro)nutrition for plant fitness and crop yield.
The article by Vert et al. has been cited 812 times since publication (according to Web of Science; Google Scholar Principles of iron uptake in the Arabidopsis root. Soil particles are rich in the poorly soluble ferric iron. Rhizosphere acidification (shown as a yellow to green gradient), supported by the release of protons via the Arabidopsis H + -ATPase AHA2, ameliorates Fe 3+ solubility. The ferric reductase FRO2 can then reduce Fe 3+ to Fe 2+ , which is taken up into the plant root by the high-affinity iron transporter IRT1. claims 1,100 citations). A cursory analysis of the titles from citing articles (based on WoS) reveals why this article has garnered so many citations over the years:
• It opened the doors to cloning homologous genes in other plants (rice, tomato, tobacco and peanut to name a few).
• It confirmed that plants, like yeast, up-regulate the expression of their transporters under specific deficiency conditions. • It foretold the hardship of assigning function to individual members of multigene families; indeed, the IRT1-related high affinity transporter IRT2 cannot rescue the irt1 chlorosis phenotype even when overexpressed, ruling out a role in iron assimilation and instead suggesting a role in iron sequestration inside the cell (Vert et al., 2009 ).
• It underscored the involvement of IRT1 in the uptake of heavy metals like cobalt and cadmium. In fact, "cadmium" appears in over 80 citing articles' titles. Since the long-term goal of the field is to engineer better crops that can thrive on iron-limited soils and to enhance iron content of vegetable and cereals for human nutrition, this lack of exclusivity in transport activity could become problematic. One solution, initiated over 15 years ago by Guerinot and colleagues, is to design IRT1 variants that can no longer take up cadmium but retain full Fe 2+ transport potential (Rogers et al., 2002) .
What I find truly fascinating is that IRT1 turned out to be everything it was hoped to be, despite functional complementation of the yeast fet3 fet4 double mutant. FET4 encodes a low-affinity iron transporter, while FET3 encodes a multicopper oxidoreductase involved in high-affinity Fe 2+ uptake. IRT1 looks like neither, and yet rescued growth on low iron. The yeast mutant likely acted as a blank slate from which heterologous Fe 2+ transport activity could be revealed. With hindsight, the plant and yeast iron assimilation machinery are perhaps more conceptually related than they are similar. This raises some interesting issues when exploiting evolution to identify conserved mechanisms: in the example of iron homeostasis, should one expect a unicellular green alga like Chlamydomonas reinhardtii to follow the same iron assimilation strategy as land plants? Even if some genes are conserved, and even if in both organisms their expression is controlled by iron supply (Urzica et al., 2012) , is it enough? Several laboratories have attempted, and thus far failed, to describe an irondependent phenotype for these conserved iron-responsive genes. Maybe we need to reevaluate the question, the method, and the required evidence for "success". Or maybe we are just one mutant away from an answer. 
